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A b s t r a c t
The	result	of	the	research	in	this	article	is	a	mathematical	model	of	thyristor’s	system	control	of	DC	
motor	with	independent	excitation,	which	includes	containing	controlled	three-phase	rectifier.	
The	 nonlinear	 characteristics	 of	 transformer’s	magnetization	was	 being	 taken	 into	 account.	
Tyristors’	work	in	shown	by	means	of	a	scheme	of	an	ideal	key.	
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To	 compare	 other	motors	with	DC	motors,	 the	 last	 have	 considerable	 starting	 torque,	










Depending	 on	 combination	 of	 the	 motor	 windings,	 it	 is	 divided	 into	 engines	 with	
independent,	parallel	and	consequent	excitations.	We	consider	the	first	type	of	combinations,	
when	winding	of	excitation	 is	 fed	using	 independent	 source	of	direct	voltage.	Armature’s	















which	are	conditioned	by	nonlinear	characteristics	of	 its	elements.	 It	 is	 the	 following	 features:	
magnetization	cores	of	transformer,	current-voltage	characteristics	of	semiconductor	valves	and	
magnetic	characteristics	of	the	DC	motor.	The	consideration	of	these	types	of	nonlinearities	makes	
the	 task	of	mathematical	modeling	extremely	difficult.	Therefore,	 to	 resolve	 it	means	 to	adopt	
certain	assumptions	which	would	take	into	account	the	most	of	elements’	characteristics	of	the	






2. The review of literature
It	 is	obvious	that	the	closer	the	mathematical	model	of	control	system	to	real	physical	
processes	are,	 the	more	accurate	 the	 results	of	computer	 simulation	we	will	 achieve.	Our	
problem	will	be	not	too	cumbersome	if	we	are	restricted	by	problem	with	lumped	parameters.	



























valves.	A	 large	amount	of	work	has	been	devoted	 to	RLC-valve	model	 [10–12].	 Its	main	
drawback	lies	in	generating	additional	differential	equations.	Moreover,	these	equations	are	
stiff,	which	makes	the	algorithm	of	solving	more	difficult.	
Modern	 mathematical	 model	 of	 electromagnetic	 circles	 as	 an	 example	 of	 various	
electromagnetic	 devices	 can	 be	 met	 in	 papers	 [15,	 16].	 In	 these	 works	 the	 equation	 of	
dynamics	 is	 recorded	 concerning	 state’s	 variables,	which	 include	working	magnetic	 flux,	
current	 and	voltage	windings	on	 the	 capacitors.	 In	 this	method	 the	 equation	of	dynamics	
is	 recorded	 in	 the	 normal	 form	of	Cauchy,	which	 is	 very	 handy	when	 explicit	 numerical	
integration	methods	are	used.	It	must	be	remarked	that	to	make	the	record	more	compact	the	
equation	of	dynamics	must	be	written	in	matrix	form.	The	example	is	shown	in	work	[8].












to	 the	use	of	 the	number	of	winding	 to	 the	original.	 In	 fact,	 the	equation	of	 three-phase’s	
half-wave	 rectifier	 is	 reduced	 to	 a	 three-phase	 transformer	 with	 zero	 conductors,	 though	
the	load	of	current	is	interfluent.	For	equations	of	state	writing	it	is	necessary	to	determine	

































Closing	 of	 any	 valve	 will	 result	 in	 disabling	 the	 corresponding	 phase.	When	writing	
equations	 for	 three-phase	 transformer	 the	 switch	 off	 of	 phases	 can	 be	modeled,	 equating	
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T		–		 column	 matrix	 of	 magnetic	 voltages	 in	























Ρ = diag( , , )" " "α α αA B C 	–	a	diagonal	matrix	of	inverse	incremental	inductances.	
Equations	of	currents	are	substituted	(3),	(4)	in	the	equation	of	state’s	magnetic	circuits	(6):

























 = + 		 (7)
or:



















2Ψ Ψ 		 (9)
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S u T u E di
dt
T u S u EA A C A F A F F C F F F= + + = + +, 		 (21)
where:
 S L L L L T S L L T S L LA A AF FA FF A A AF FF F A FA FF= +( ) = − = −1/ / , / , /
 E L E r i LF FA A F F FF= − +( ) / ,	 E S L r i L c u r iA A AF F F FF A A= − − −( )/ ωΦ ∆
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4. Results of computer simulations






















































































































































The	 influence	 of	 tyristor’s	 opening	 angle	 on	 winding	 motor’s	 speed	 was	 investigated.	






R e f e r e n c e s
[1]	 Yildiz	A.B.,	Electrical equivalent circuit based modeling and analysis of direct current 
motors,	Electrical	Power	and	Energy	Systems,	vol.	43,	2012,	1043-1047.
[2]	 Betechuoh	B.L.,	Marwala	T.,	Tettey	T.,	Using inverse neural networks for HIV adaptive 
control,	International	Journal	of	Computational	Intelligence	Research,	vol.	3,	2007,	11-15.
[3]	 Chow	M.Y.,	Tipsuwan	Y.,	Gain adaptation of networked DC motor controllers based on 
QOS variations,	IEEE	Transactions	on	Industrial	Electronics,	vol.	50,	2003,	936-943.
[4]	 Craig	 J.J.,	 Hsu	 P.,	 Sastry	 S.S.,	 Adaptive control of mechanical manipulators,	 The	
International	Journal	of	Robotics	Research,	vol.	6,	1987,	16-28.
[5]	 Crapo	A.D.,	Lloyd	J.D.	Homopolar DC motor and trapped flux brushless DC motor 
using high temperature superconductor materials,	Magnetics,	 IEEE	Transactions	on	
Magnetics,	vol.	27,	1991,	2244-2247.
91
[6]	 Delibasi	A.,	Turker	T.,	Canserver	G.,	Real time DC position control by fuzzy logic and 
PID controllers using labview,	 International	 IEEE	 Conference	 on	 Mechatronics	 &	
Robotics	04,	Aachen,	13–15	September	2004,	9-15.
[7]	 Gurbuz	F.,	Apkinar	E.,	Stability analysis of a closed loop control for a pulse width 
modulated DC motor drive,	 Turkish	 Journal	 of	 Electrical	 Engineering	&	Computer	
Sciences,	vol.	10,	2002,	427-438.
[8]	 Kaczorek	T.,	Teoria sterowania i systemów,	PWN,	Warsaw	1999.
[9]	 Lankarany	M.,	 Rezazade	A.,	Parameter Estimation Optimization Based on Genetic 
Algorithm Applied to DC Motor,	 IEEE	 International	 Conference	 on	 Electrical	
Engineering,	Lahore,	Pakista,	11–12	April	2007,	1-6.
[10]	 Porębski	J.,	Korohoda	P.,	SPICE; program analizy nieliniowej układów elektronicznych,	
WNT,	Warsaw	1993.
[11]	 Prigozy	S., PSPICE computer modeling of hysteresis effects,	 IEEE	Transactions	 on	
Education,	vol.	36,	1993,	2-5.
[12]	 Ramotowski	M.	Zastosowanie programu NAP do obliczania układów elektrycznych,	
WNT,	Warsaw	1992.
[13]	 Saab	S.S.,	Kaed-Bey	R.A.,	Parameter Identification of a DC Motor: An Experimental 
Approach,	IEEE	Transactions	on	Electronic,	Circuit	and	Systems,	vol.	2,	2001,	981-984.
[14]	 Samborska	M.,	Aproksymacja rozwiązań okresowych nieliniowych rownań obwodow 
elektrycznych metodą Poincarego-Lindstedta,	Czasopismo	Techniczne,	vol.	1-AC/2012,	
Wydawnictwo	Politechniki	Krakowskiej,	67-77.
[15]	 Samotyy	V.,	Analiza procesów okresowych nieliniowych urządzeń elektromagnetycz-
nych systemów automatyki,	Czasopismo	Techniczne,	vol.	1-E/2010,	Wydawnictwo	Po-
litechniki	Krakowskiej,	67-77.
[16]	 Samotyj	 V.,	 Shakya	 S.,	 Mathematical Model of Frequency Multiplier «Symmetric 
Scheme of Rectification with Voltage Doubling – Bridge Parallel Thyristor Chopper»,	
Technology,	vol.	9,	2000,	58-62.
[17]	 Sevinç	A.,	A full adaptive observer for DC servo motors,	Turkish	Journal	of	Electrical	
Engineering	&	Computer	Sciences,	vol. 11,	2003,	427-438. 
[18]	 Samotyj	V.,	Matematyczne modeluwannia stacionarnych procesiw elektromagnetnych 
pryctrojiw system keruwannia,	Feniks,	Lviv	1997.
